tion. Most of the blocks were freshly prepared but some were as old as 30 years.
The PAB stain (routine) runs as follow:
Deparafflo and bring sections to water. Oxidize in Permanganate for 10 minutes (2.5% MnO4K: 100 cc.; 5% S04112: 100 cc.; distilled water: 700 cc.).
Bleach in 2% oxalic acid, 30 seconds.
Wash in running water and rinse in distilled water.
Stain ooe slide 30 minutes in 0.1% Alcian Blue 8GX (Imperial Chemical Industries) in 3% acetic acid (pH 2.7, 3.0) and one other slide 10 minutes in 1% Alcian Blue in 10% sulphuric acid (pH 0.2, 0.4). A third slide might be stained 1 minute in 1% Alcian Blue in distilled water.
Wash in running water and rinse. Counterstain either with hemalin followed by 30 seconds in 1% Tueheetgelb (Ciba) or with 0.1% I<erneebtrot (Merck) in 5% aluminium sulfate. Orcein (Carlo Erba) may be combined, using 0.10 g. orcein in 70% alcohol: 100 cc. plus Nitric acid: 2 cc., 24 hours.
Dehydrate, clear in xylene and mount.
Routine control slides include:
Staining in 0.1% Alcian Blue in 3% Acetic acid.
Staining in 0.01% Toluidine Blue (Geigy) in distilled water.
Periodic Acid Schiff according to MeManus (Schiff reagent prepared according to the Lougley's modification), (9) , combined with Alcian Blue according to Mowry (3) .
The following histochemieal controls were performed:
For metachromasia, staining 10 minutes in 0.01% Toluidiue Blue, in buffered solution Among other structures that become positive after oxidation, keratin is one of the most reactive.
Hard keratin, soft keratin type Zander A or Zander B are negative without oxidation. After oxidation, the type Zandcr A reacts with PABS in the layers immediately above the granulosa. This positivity decreases as one goes up to the more superficial layers.
With PABA, the reaction is noticeably stronger and persists till the highest portions of the horny layer. There may be found some reactive material in the cytoplasm of some scarce cells near the granulosa. Methylation suppresses the PABA reaction. Aeetylation does not, except for that cytoplasmie material quoted above.
The increase in positivity when one turns from PABS to PABA corresponds to the PAS positivity and to metaehromasia possibly induced by permanganie oxidation. The reactivity to PABS is not affected by prior extraction with pyridine. What must be emphasized, however, is the positive PABA reaction of glycogen and glyeoprotein complexes.
As far as glycogen is concerned, one obtains PABA positive reaction whereas PABS remains negative. Partial loss of reactive material occurs unless the slides are coated with a eollodion-film before going to permanganate. If the PABA reaction is combined with the PAS stain, one obtains a purple to violet color which indicates that a double reaction occurs.
This point, joined to the PABS negativity, is of theoretical importance and will be discussed below.
To sum up the results of Aleian Blue staining following permanganate oxidation, it might be said that PAB increases general basophilia, with particular reference to mast cells, keratin and fungi.
However, if permanganate oxidation commonly increases basophilia, it must be pointed out that some previously Aleian Blue positive materials may become negative after oxidation.
If one observes a slide of normal hair con- A similar decrease in metachromasia rapidly occurs when the slide is dipped in a solution of uranium nitrate, or ensues the fixation with Bouin's fluid. Some correlation was found between that lessening of metachromasia and the effect of hyaluronidase or pyocyanin digestion, as tested on non oxidized sections.
DIscussioN
The PAB stain belongs to that group of histochemical reactions based on the production by oxidative procedures of either aldehydic or carboxylic groups. In a second step, nldehydes are visualized with Schiff reagent, and acidic radicals with Toluidine Blue metachromasia. This point, already denoted by Herlant (6) in the hypophysis and by Achten in keratin (5), was previously emphasized by Lison in the discussion of Bauer's chromic-acid-Schiff reaction (20) .
Herlant asserted that methylation during four hours at 56° C. prevents Alcian Blue staining.
This might support the view of Lison that carboxyl radicals play a role in the reaction. Acetylation had no effect. Lipids do not interfere in PAB stain, as shown by negative effect of pyridine extraction.
Hence, PAB is thought to reveal neutral polysaceharides as well as other acidic materials, such as sulfated mucopolysaccharides or cysteic acid. These materials may be present before or consequently follow permanganic oxidation.
That neutral polysaceharides do react is exemplified by positive staining of glycogen.
That sulfated mueopolysaceharides do react too, is illustrated by positive staining of mast cells granules.
As for keratin, positive staining was recently shown to be in relation to disulfide groups (7), which supports the view of Adams and Sloper (5) on cysteic acid formation under oxidation.
But, the main point of interest in PAB remains that the reaction given by neutral polysaccharides may be abolished by lowering the pH of the dye solution. Glycogen, PABA positive, i.e., above pH 2.0, remains PABS negative, i.e., below pH 2.0. Therefore, there exists a "threshold of basophilia". This threshold of basophilia separates on one side neutral and weakly acid polysaceharides from sulfated conjugates and "potentially sulphonie groups producers" such as cystiae containing materials, on the other side.
It must be observed that, among the materials able to react at low pH before oxidation, not all of them do so. The oxidation has a proper effect in making reactive some materials previously negative, though already containing strong acidic groups.
Such is the ease of post-oxidative PAIlS positive mast cells, negative before oxidation though already containing strongly acid (sulfonic) groups. In fact, in permanganic oxidation, one cannot attribute positive staining to the introduction of any sulfonic radical into the molecule. Even though the solution contains sulfuric acid, its concentration is far too weak to be effective.
It thus is necessary to consider that not only does oxidation induce carboxylatioa, but acts also in freeing strong acidic groups (probably sulfonic) previously bound to proteins.
According to Adams and Sloper (5) , carboxylation alone would not be sufficient to positivate any material at pH 0.2, 0.4. On the other hand, it is clear, according to Steigleder (18) Then, by comparison with PABS, PABA offers an opportunity to estimate, qualitatively, weaker acid mucopolysaceharides and neutral polysaccharides. The latter can be checked by sulfation according to Moore and Shoenbcrg (24) , the former by metachromasia according to the theoretical basis expressed by Landsmeer (10) and Walton and Ricketts (25) .
An important application of this reaction is
represented by direct investigation of intracellular neutral polysaccharides or carbohydrate-protein complexes. Such materials are effectively involved in the synthesis of extracellular mucopolysaccharides in connective tissue, as demonstrated by Schoenberg and Moore (26, 27 We do not intend to discuss the staining of keratin with Alcian Blue or Astra Blau. This matter has recently been thoroughly investigated by Goslar (7) and by Aehten (8) .
As for fungi, so little is known about their histochemistry in general that we wish only to emphasize the striking results obtainable with PAB, as presented with Dc Beer (29) in a previous paper.
5UMMAEY AND CONcLU5TONS
Permanganate Alcian Blue (PAB) represents a selective stain for free or masked mast cells, keratin and fungi walls when used at very low pH (PABS). Therefore, provided it is used with suitable controls such as metachromasia, PAS and ordinary Alcian Blue, PAB seems valuable for investigations in connective tissue, keratinization and fungi histochemistry.
